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Abstract 
Renewable electrical energy use has great advantages, especially in case of solar and wind energy. Among these – 
resource sustainability is the biggest advantage. Some renewable energy resources are related to the irregularity of the 
energy source. One of the most promising technologies is biogas biomethanation with hydrogen, the model of which 
is analyzed in this article. The methodology developed allows one to analyze the broad spectrum of hybrid systems 
with biomethanation for wind energy accumulation where the accumulation of wind energy potential, on the one side, 
meets the interests of the biogas station which can utilize this energy. 
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Introduction 
The Baltic countries have committed to increase its proportion of renewable energy sources in the total 
primary energy resource balance. Currently the governments of Latvia, Lithuania and Estonia are 
developing legislation to implement the goals for 2020 and 2030 set by the EU climate and energy package.  
Renewable electrical energy use has great advantages, especially in case of solar and wind energy. 
Among these – resource sustainability is the biggest advantage. The use of renewable energy for electricity 
makes it possible to lower the impact on climate change of the energy sector. Their impact on the economy 
is also important, as these energy resources are openly available. Nonetheless, the issue of technological 
solutions and the costs of running equipment remains a topical issue: through the development of innovative 
technologies, their energy efficiency increases and capital investments decrease.  
There are also disadvantages to renewable energy use which are related to the irregularity of the energy 
source. It’s only possible to utilize wind energy at times when it reaches a particular speed which means 
that the fluctuations need to be compensated either through balancing it with electrical energy from another 
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source or it must be accumulated through storage systems in order to be used when there is demand from 
the consumer.  
Accumulation systems differ in terms of their degree of complexity, in the number of elements, their 
costs and impact on climate change and the environment. The technological solutions for accumulation 
systems are both simple (such as batteries) and complex (as in case of hydrogen storage, compressed gas 
and methanation systems (see Figure 1)).  One of the most promising technologies is biogas biomethanation 
with hydrogen, the model of which is analyzed in this article.  
 
Figure 1. Diagram of problems related to solar and wind energy use 
Irregular electricity accumulation is only one element for the development of renewable energy system. 
Special attention needs to be paid for balancing electricity which most simply can be done in the Baltic 
countries by applying hydrogen energy as in Latvia a hydropower cascade is installed on a plain in the river 
Daugava. As attested through calculations made by “Latvenergo” (Latvian electricity utility) specialists, 
this hydropower station can compensate a 300 MW capacity.  
Various scientific research on the accessibility and potential of wind energy in the Baltic region provide 
differing views.  Representatives of the Wind Association (of Latvia) estimate that in 2050 wind turbines 
will be installed at a capacity of 3500 MW.[1,2] In preparing development strategies for the energy sectors 
in Latvia, Lithuania and Estonia, however, more cautious national prognoses have been employed in regard 
to the use of wind energy.  The current capacities of wind energy sources and their potential development 
are reflected in Table 1.  
Table 1. Summary of results  
Scenario 2013 2020 2050 
Installed capacities 640 MW 1817 MW 3365 MW 
Efficiency 0.22 0.24 0.4 
 
The capacity of the currently installed wind turbines and the set capacities which should be reached are 
extracted through the review of information from the electricity network companies of Latvia [4], Lithuania 
[5] and Estonia [6] and totaling the wind electrical energy generation of all three Baltic countries (see Figure 
2).  It’s possible to extract three different types of information from this graph: a) information on the 
maximum capacities used; b) by integrating the area under the curve, to gain information on the total 
amount of electricity produced in the Baltic region (MWh/year) and c)  information on the development 
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trend of the generated capacity. At the end of the summer, 2013, the installed capacity increased by 11%, 
which would explain the more drastic increase at the end of the year.   
 
Figure 2. Total capacity generate from wind turbines in the Baltic countries in 2013, in hours 
Fluctuations in capacities are apparent in the data, which is also the greatest challenge for wind energy 
as, in order to integrate it into the market, it’s necessary to solve problems on what to do during the periods 
when there is a surplus of electrical energy, and when the demand cannot be met.  The changes in capacity 
and their irregularity are difficult to predict in a longer time period. Wind speeds are directed connected to 
the precise time at which meteorological prognoses are made. 
Methodology 
Research dedicated to electrical energy accumulation through the electrolysis method are an important 
part of global research. One of the more innovative and prospective storage methods is biogas 
biomethanation with hydrogen, the model of which is analyzed in this article. Biomethanation – the 
principle scheme of wind hybrid is illustrated in Figure 3.   
 
 
Figure 3. Principle scheme of hybrid wind-biomethanation system  
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The technological equipment consists of four components. 
x Electrolysis equipment which transmits the electricity generated in the wind turbines and produces 
hydrogen. The consumption of electricity to one m3 hydrogen produces 6 kWhe/m3H2, assuming that 
that electrolysis process’ efficiency coefficient is 50%  
x Biogas producers which generate biogas from organic waste and the bioreactor of which exudes a gas 
of 50% CH4 
 
V’’bg = V’’CH4 + V’’CO2 + V’’gk , m3 
 
1000 m3bg biogas = 500 m3CH4 + 460 m3 CO2 + 40 gaseous impurities 
 
100% = 50% + 46% + 4%  
 
x Biomethanation equipment which transmit hydrogen into the biogas flow and, as a result, increase the 
methane content up to  93% CH4.  The formulas below were established through the mathematical 
processing of data which stems from the modeling results of German research [3].  
x Biomethanation apparatus input  
 
V’bmbg = V’bmCH4 + V’bmCO2 + V’bmgk + V’bmH2 , m3 
 
100% = 48% + 44% + 4% + 4% 
 
x Biomethanation apparatus output 
 
V’’bmbg = V’’bmCH4 + V’’bmCO2 + V’’bmgk , m3 
 
100% = 93% + 2% + 5%  
 
x Methane gas storage or input into the natural gas. 
Results 
The potential of electricity generated in the wind stations of the Baltic countries depends on the installed 
capacities for renewable energy of the electricity stations in the specific area. Currently in Lithuania and 
Estonia there is a rapid increase of wind turbine station and thus the accumulation of the electricity 
generation by these becomes more and more topical.  
Figure 4. Potential growth of wind electricity in the Baltic countries 
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The potential in the Baltic countries to increase the amount of produced wind energy is illustrated in 
Figure 4. IN this case, the basic scenario is selected as the ‘business as usual” – without any specific 
financial support for the development of wind energy stations in the Baltic countries.  
The scheme from a technological solution on the storage of wind electricity with the introduction of 
biomethanation in the biogas production sector is important on two fronts. Firstly, the efficiency coefficient 
of biogas utilization will increase. By increasing the quality of biogas, it will prove economically viable to 
change biogas users: from low-efficiency condensation power stations to the use of biogas in transport and 
as an input to the natural gas network. Secondly, the integration of wind energy to existing biogas 
production stations will call for less investments than to build entirely new accumulation systems.   
Figure 5. Demand for wind power for hydrogen production in the Baltic countries 
An empirical equation has been developed with which it is possible to set annual volumes for 
hydrogen production taking into account data from the base scenario and the technological solutions and 
innovations as they develop over time.  
 
GH2 = 14,88Nel + 4*10-12 , t H2/year, 
(1) 
Where G H2 – volume of hydrogen produced, t H2/year, 
N – electricity consumption, Wh/year.  
 
The results of the modeling show that, from the portion of wind energy which is impossible to use in the 
electricity networks, the accumulation from the base scenario of wind electricity in the Baltic countries in 
the electrolysis process can produce hydrogen at such levels that can fully meet the current biogas station 
capacities in order to increase the quality of the biogas in these stations by increasing the level of methane 
in this biogas from 50% to 93% (see Figure 5). 
The modeling results make it possible to set further goals for hybrid systems with biomethanation in the 
development of wind electricity accumulation by introducing innovative networks such as the creation of 
material bacteria for the increase of surface area in the intensification of the biomethanation process.  
Conclusions 
The methodology developed for the assessment of potential for wind energy is based on data from the 
power network companies. An analysis of the installed wind station capacities and the capacities which 
have been reached as been prepared. Tri-fold information has been acquired: (a) information on the 
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IEGULDĪJUMS TAVĀ NĀKOTNĒ 
maximum capacities to be used, (b) information on the total electricity produced in the three countries and 
(c) curve of development trend on the gained capacity.  
The hybrid system with biomethanation for wind energy accumulation is one of the innovation 
technological solutions which is important in terms of full utilization of wind energy, in terms of increasing 
the efficiency of biogas use and in terms of the development potential of existing biogas production stations.  
The methodology developed allows one to analyze the broad spectrum of hybrid systems with 
biomethanation for wind energy accumulation where the accumulation of wind energy potential, on the one 
side, meets the interests of the biogas station which can utilize this energy. The values of the energy volumes 
from these sources need to be fairly similar, otherwise it is important to look for additional solutions.  
Further tasks are set for laboratory research and the development of an economic rationale for the hybrid 
system.   
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